Introduction
As heat-resistant superalloys, Inconel alloys are extensively used in the aerospace industry for components exposed to harsh environments, such as in critical parts of gas turbine engines, nuclear power plants and pressure vessels. Inconel alloys have excellent strength properties (up to 650°C), low thermal conductivity and corrosion resistance [1] . However, these very properties are responsible for Inconel's poor machinability characteristics [2] . Low thermal conductivity leads to high cutting temperatures in a process zone, imposing steep temperature gradients in the tool. Nickel-based superalloys also demonstrate high chemical affinity to many tool materials exacerbating tool wear. In addition, Inconel is sensitive to strain rate and work hardens rapidly, causing abrasive wear, particularly at the tool's tip and leading-edge positions. As a result, high temperature in the process zone and severe tool wear generate poor surface quality.
Assessing structural integrity of parts is essential for reliability analysis. Machining studies showed that the residualstress profile was typically tensile in nature at a machined workpiece surface [3] . Outeiro et al. [4] and Wardany et al. [5] reported that thermal loads promoted tensile stresses, with mechanical loads being responsible for compressive residual stresses. In general, compressive residual stresses are beneficial to service life of components, whereas tensile ones are detrimental [6] . Optimum machining conditions were also studied to achieve compressive surface residual stresses or minimal tensile residual stresses [7, 8] . Besides, in cutting of difficult-to-machine materials, consumption of cooling lubricant is a significant problem. It substantially increases the total process costs because of environmental concerns: the associated costs from coolant acquisition to its disposal are almost four times higher than those of consumable tooling [9] . Thus, dry machining is the meaningful way to reduce the manufacturing costs and make the processes environmentally friendly. Meanwhile, achieving a high quality of finished components with dry machining is a well-known challenge.
Ultrasonically assisted turning (UAT) is a novel and effective hybrid machining technique for difficult-to-machine materials such as titanium [10] and nickel [11] alloys. Thanks to the periodic separation of a tool from a workpiece with ultrasonic frequency, thermomechanical behaviours of workpieces in UAT differ significantly from those in conventional turning (CT). Thus, UAT is regarded as a technique with a potential to improve the machinability of high-strength alloys. Prior studies indicated that UAT led to a reduction in cutting forces, improved surface roughness, with enhanced dynamical stability and tool life. Maurotto et al. [10] measured cutting force components at various process parameters in CT and UAT of β-titanium alloy, but the reason of forces reduction in ultrasonic vibration was not discussed. Mitrofanov et al. [12] developed the FE model of UAT to investigate the influence of lubrication and cutting parameters on the UAT process of Inconel 718. They concluded that the friction force at the tool-chip interface affected a maximum magnitude of the cutting force, and tool-chip disengagement in a vibration period reduced the level of average cutting forces in UAT. But research on cutting forces in UAT for a variety of nickel-based alloys and under different processing parameters was lacking. Babitsky et al. [11] measured surface roughness R a and roundness of machined workpiece in CT and UAT of Inconel 718, and obtained nearly 50% reduction of surface roughness and 40% improvement of roundness in UAT. They explained that multiple-impact high-frequency interaction between a cutting tool and a chip due to applied ultrasonic vibration changed the material deformation processes and friction forces and increased dynamic stiffness of a lathe-tool-workpiece system. However, surface quality of various aerospace-grade Ni-based alloys with different material properties in UAT was not discussed.
Nath et al. [13, 14] studied tool wear using CBN and PCD tools in UAT of Inconel 718, and they found that UAT reduced tool wear by successive vibration impacts between the tool and workpiece. Other researchers also investigated some aspects of machinability of difficult-to-machine materials with ultrasonic vibration. However, only a few researchers investigated residual stresses of components machined with UAT. Sharma and Pandey [15] reported residual stresses in UAT of 4340 hardened steel for various machining and vibration parameters. The study showed that more compressive residual stresses could be generated by increasing the ultrasonic power during machining. Nestler and Schubert [16] studied surface properties for UAT of particle-reinforced aluminium matrix composites. They reported that higher compressive residual stresses were produced with UAT in both radial and cutting directions. Ahmed et al. [17] investigated hardness and residual stresses in machined surface for UAT of Inconel 718. Nanoindentation analysis demonstrated that the level of hardness of the surface layer in UAT was lower than that in CT and close to the hardness of the as-delivered material, which was also validated by Bai et al. [18] . However, they reported that the residual stresses in UAT were higher in comparison to those in CT. No other experimental investigations of residual stresses in UAT were carried for Inconel alloys to-date apart for [17] with only one machining condition.
As discussed, Inconel alloys are widely used in highperformance components under severe service conditions. Their poor machinability limits their application and affects the quality of processed parts. So, the aim of this paper is to study the feasibility of improving the machinability of nickelbased alloys by employing a hybrid machining process-UAT, and compare its effect on the machinability of two nickel-based alloys under different machining parameters together with resultant residual stresses.
In this study, the experimental analysis of machinability for UAT and CT of Inconel 718 and 625 is carried out. Section 2 describes the experimental work, including details of the setup and tools used, workpiece properties and experimental methodology. Experimental results such as cutting forces, surface topography and residual stresses are discussed in Section 3. The paper ends with some concluding remarks in Section 4.
Experimental work

Experimental setup
All experiments were performed on a modified lathe with an ultrasonic machining attachment. The system has the flexibility to switch between UAT and CT by turning an ultrasonic generator on or off. Figure 1 shows the experimental setup, a schematic of the ultrasonic cutting device and the coordinate system used to define kinematics of the machining process. Its ultrasonic generator applies electrical energy to a piezoelectric transducer, in which the piezo-ceramic rings generate axial vibration. This high-frequency low-amplitude mechanical vibration is transmitted to a tool via a tool-holder fixed to a horn/concentrator (Fig. 1b) . The flange in the ultrasonic machining device is connected to a Kistler dynamometer with a fixture (Fig. 1a) . The dynamometer is fixed on a feed platform via a pillar to make sure that the ultrasonic machining device moves synchronously with the feed system. The x, y and z axes represent the main cutting direction (referred to as tangential direction), radial direction and feed direction, respectively (Fig. 1c) . Note that ultrasonic vibration was imposed in the tangential direction in the presented tests.
Machine tool and machining conditions
A coated cemented-carbide tool (DCMT 11T304-MF1105) was used in all the experiments; its details are presented in Table 1 .
For the UAT process, a critical velocity of a cutting tool for tool-workpiece separation can be expressed as [11] :
where f (kHz) is the vibration frequency and A (μm) is the vibration amplitude. As an example, for most experiments carried out in this study, the vibration frequency f and peak-to-peak amplitude (2A) were 18.11 kHz and 8.4 μm, respectively. Thus, the critical velocity V c was calculated to be 28.7 m/min, implying effectiveness of ultrasonic machining at cutting speeds below this threshold. Any speed above this limit essentially reduces UAT to a CT process. Several experiments were carried out by varying the levels of cutting speed, feed rate, depth of cut and vibration amplitude as listed in Table 2 .
Workpiece material
In this study, round ingots of Inconel 718 and 625 were machined, which are high-strength, corrosion-resistant nickelchromium superalloys; the compositions of the materials are shown in Table 3 .
These nickel-chromium superalloys have similar composition, with higher contents of Fe in Inconel 718 and Mo in Inconel 625. Both alloys exhibit precipitation of intermetallic phases and carbides. Studies of microstructure and phases were carried out for Inconel 718. Figure 2a shows precipitates after solution annealing at a low temperature of 954°C for 1 hour and water quenching, which yielded hardness of 22 HRC. A δ phase was present along the grain boundaries, and with black globular particles are MC carbides. Figure 2b presents the equiaxed grains of the γ phase, crystal orientation and inverse-pole-figure colouring obtained with EBSD.
Nominal mechanical properties of solution-annealed Inconel 718 and 625 are listed in Table 4 . The two alloys show close properties except for measured tensile and shear strengths (with Inconel 718 outperforming Inconel 625) as well as elongation to failure, which is expected to influence machinability of these alloys. 
Experimental methodology
In this study, the cutting forces, surface topology and residual stress of the machined surface by CT and UAT were investigated. Detailed results of the measurements made are presented in this section.
Cutting force measurements
A three-component Kistler dynamometer (type 9257B) was employed to measure the cutting forces; it was connected to the ultrasonic machining device as shown in Fig. 1 . The dynamometer can measure a maximum force of 5 kN with a natural frequency of 3.5 kHz. Three orthogonal components of a force in the x, y and z directions corresponding to the tangential, radial and feed directions, provided data for the primary cutting force, thrust force and feed force during machining. An electrical signal from the dynamometer was amplified by a Kislter charge amplifier (type 5015A). The obtained signals were processed and visualised using a PicoScope 4224 high-resolution oscilloscope.
Surface topography measurement
To obtain the surface topography, an optical 3D measurement device (Alicona Infinite Focus G4) was utilised to assess the surfaces machined with CT and UAT; dimensions of a sampling area were 1 mm × 1.2 mm. Results for the surface profile, roughness and topography of samples obtained with the two studied machining techniques are presented in Section 3.
Residual-stress measurements
A uniaxial residual stress on the surface of as-turned samples (both for CT and UAT) was measured using an X-ray-diffraction-based technique. The measurements were carried out with Bruker D8 Discover using Co Kα radiation operating at 40 kV and 40 mA. A sin 2 ψ method was used for calculation of the uniaxial residual stress [19, 20] . An X-ray diffraction-peak profile corresponding to the (111) crystallographic plane was recorded at six different ψ values ranging from 0 to 45°. The plane was selected as the intensity of other higher-order hkl planes was not significant during the measurement. A step size of 0.01°and a time interval of 2 s/step were used. A sample was positioned during the measurement so that to obtain the resultant residual value along the axial direction of the turned workpiece. After the measurement, the uniaxial residual stress was calculated using the following equation [19, 20] :
where E (GPa) is the elastic modulus, ν is the Poisson's ratio of 0.294, d ψ (Å) is the inter-planar spacing at a particular angle ψ (deg), d n (Å) is the inter-planar spacing at normal incidence (ψ = 0°). 
Cutting forces
The measured levels of cutting forces were compared for CT and UAT performed with various machining parameters for the two alloys (Fig. 3) . Application of ultrasonic vibration led to a significant reduction in cutting forces, especially for the tangential force component. For a cutting speed of 20 m/min, which was below the calculated critical speed of 28.7 m/min for a peak-to-peak amplitude of 8.4 μm, a noticeable reduction for all force components was observed ( Fig. 3(a1, a2) ). The cutting force in CT decreased with an increase in the cutting speed from 20 m/min to 40 m/min (Fig. 3(a1) ). In contrast, the cutting force in UAT of Inconel 718 increased with an increase in the cutting speed from 20 m/min to 30 m/min, since higher speeds imply a longer tool contact time (less separation) for each vibratory cycle of the tool. Interestingly, a small yet non-negligible reduction in cutting forces was observed even when the cutting velocity exceeded the theoretical critical velocity threshold (Fig. 3(a1) ). We believe that this was due to the reciprocating tool motion, where during the retraction stage, the effective velocity between the tool and the workpiece was lower than the nominal cutting velocity leading to an overall reduction in observed cutting forces. As a result of the discussed variation in material and mechanical properties of the two studied alloys, differences in force reductions were observed. The cutting forces in CT of Inconel 625 had a trend similar to that for Inconel 718 for cutting speed below than 30 m/min, as Devillez et al. [21] reported that the forces decreased with the cutting speed when turning Inconel alloy at feed rate of 0.1 mm/rev. However, the decline of the cutting force at higher cutting speed (40 m/min) for Inconel 718 was larger than that for Inconel 625. The reason was that a higher concentration of Fe in Inconel 718 diffused into the tool's binder (Co)
causing severer wear than that in Inconel 625 [22] . Surface roughness of the machined surfaces in Section 3.2 also show higher R a and R q generate by CT in Inconel 718 (compared to Inconel 625), which means that is caused swifter tool wear at higher cutting speed than Inconel 625. Although the tool wear at various cutting stages affected force changes, the effective depth-ofcut reduced by wear when turning Inconel 718 for depthof-cut (0.12 mm) comparable with the tool geometry (nose radius of 0.397 mm) resulted in higher forces reduction at higher cutting speed. The extent of force reduction with ultrasonic assistance decreased from 53% at 20 m/ min to 22% at 30 m/min and 17% at 40 m/min for Inconel 718, in comparison to 52%, 31% and 21%, respectively, for Inconel 625. Analysis of the effect of varying feed rate on the machining forces showed that the cutting and thrust forces in both CT and UAT for two alloys increased with an increase in the feed rate ( Fig. 3(b1, b2) ). However, the force reduction in UAT for Inconel 718 reduced from 53% at 0.08 mm/rev to 29% at 0.16 mm/rev and 18% at 0.25 mm/ rev ( Fig. 3(b1) ). Similarly, force reduction for Inconel 625 reduced from 52 to 31% and 33% for similar feed rates, respectively ( Fig. 3(b2) ).
With an increase in the depth-of-cut, a similar trend for the cutting force was observed (Fig. 3(c) ). The reduction of cutting force for greater depth of cut at 0.2 mm and 0.28 mm were only 25% and 28% for Inconel 718, respectively (Fig. 3(c1) ). For Inconel 625, non-linear changes of the cutting force decline were also found with the increasing depth-of-cut; from 36% at 0.12 mm to 25% at 0.20 mm and 42% at 0.28 mm. This phenomenon of non-linear variation also appeared in surface roughness data ( Fig. 7(c2) ). The cutting forces in UAT with higher levels of feed rate (0.25 mm/rev) and depth-of-cut (0.28 mm) for Inconel 625 (Fig. 3(b2, c2) ) showed larger reductions than those for Inconel 718 (Fig. 3(b1, c1) ). This was due to the higher elongation and lower tensile/shear strength of Inconel 625 resulting in its stronger acoustic softening than that of Inconel 718.
The effect of varying vibration amplitude is shown in Fig.  3(d1, d2) , where an amplitude of 0 μm represents the CT process. Apparently, a reduction of cutting forces increased with an increase in the imposed vibration amplitude for two alloys. There is an exception for an amplitude of 4.9 μm because of the critical speed is 16.7 m/min in that process, which was lower than the cutting speed (20 m/min).
In summary, an optimised set of machining parameters can be found, with the cutting speed below the critical speed, low feed rate and depth-of-cut with a large superimposed amplitude, to yield the highest force reductions in turning of two Inconel alloys. 
Surface topography
The machined surfaces of the two bars of Inconel alloys were produced under different machining conditions, with each section machined with the same parameters having a width of6 mm. The surface of machined specimens was observed with a non-contact optical surface topography measurement system (Alicona Infinite Focus G4) (Fig. 4) . 3D topography on the machined surface corresponding to a rectangular area of 1000 μm × 1200 μm was analysed for the materials under study (Fig. 5) . The surface profiles for CT and UAT of the two alloys were assessed in the feed direction for the following cutting conditions: a speed of 20 m/min, a feed rate of 0.08 mm/rev and a depth-of-cut of 0.12 mm. In UAT, vibration with an amplitude of 8.4 μm and a frequency of 18.11 kHz was imposed. Topography plots indicated that UAT produced significantly lower residual heights on the machined surface in both cutting and feed directions. In UAT, tool treads in the feed direction were present and microtexture in the cutting direction appeared due to the alternating motion of the tool tip. In addition, in CT, the higher elongation of Inconel 625 led to more lateral flow of the workpiece material (Fig. 5(a2) ) than that for Inconel 718 (Fig. 5(a1) ).
In UAT, wider and deeper grooves appeared on the surface of in Inconel 625 (Fig. 5(b2) ) than Inconel 718 (Fig. 5(b1) ). As a result of a significantly improved surface roughness in UAT, the smooth surfaces of the workpieces appeared to have more shallow groves than in CT (the colour bars have the same scale in Fig. 5) .
The surface profiles for CT and UAT of the two alloys were assessed for the same cutting conditions as used for the 3D topography test. The detailed results indicate that these profiles were smoother in UAT for both alloys (Fig. 6) . The variation in height of the profiles was noticeably lower in UAT when compared to the case of CT of both alloys. Besides, the surface profiles demonstrated that the groove spacing was wider and their heights were higher in Inconel 625 (Fig. 6b ) than in Inconel 718 (Fig. 6a) , as discussed in the assessment of surface topography (Fig. 5) . This phenomenon was validated by magnitudes of surface roughness in Fig. 7(a1, a2) : R a and R q were higher for Inconel 625 for 20 m/min than those of Inconel 718.
These two well-known surface topography parameters R a and R q that represent the arithmetical mean deviation and root mean square of the assessed profiles, respectively, are studied in deatail here. Comparisons of R a and R q for both CT and UAT performed with different machining parameters for the two alloys are shown in Fig. 7 . Apparently, UAT led to a significant reduction of surface roughness (in terms of R a and R q ) for two alloys in all the cases. According to the measurements for Inconel 718 (Fig. 7(a1) ), surface roughness increased slightly in CT with an increase in the cutting speed from 20 to 40 m/min, and in UAT it increased initially, subsequently decreasing. However, R a and R q decreased with the increasing cutting speed for Inconel 625 (Fig. 7(a2) ). The reduction of R a in UAT varied from 34% at 20 m/min to 30% at 30 m/min and 26% at 40 m/min.
The inverse trend for surface roughness with varying cutting speed (Fig. 7(a1, a2) ) for the two alloys was probably due to the difference in material and mechanical properties, manifested in the character of the cutting forces (Fig. 3(a1, a2) ). For Inconel 625, R a and R q decreased with the increasing cutting speed, as usual for turning most metals. However, the tool wear was significant in turning Inconel 718; thus, the surface roughness increased with cutting speed in CT. The extent of reductions of R a and R q in UAT decreased with cutting speed from 20 m/min to 30 m/min, as the cutting speed approached the critical level. When the cutting speed was higher (40 m/min), ultrasonic vibration could still reduce the built-up edge and tool wear although the tool and the workpiece did not separate, reducing the surface roughness.
For a varying feed rate, the magnitudes of R a and R q increased significantly for both CT and UAT for the two alloys ( Fig. 7(b1, b2) ). In addition, the reduction of R a for Inconel 718 with ultrasonic vibration decreased from 47% at 0.08 mm/ rev to 34% at 0.16 mm/rev, followed by 17% at 0.25 mm/rev (Fig. 7(b1) ). A similar trend was observed in R q for Inconel 718 and both R a and R q for Inconel 625. This was due to the fact that a lower feed rate implied a shorter travel of the tool in the feed direction, reducing the height of tool tracks decreasing surface roughness. Also, in UAT, due to spurious lateral vibrations, the surface essentially underwent a polishing process, greatly reducing the surface roughness parameters.
Both R a and R q in CT demonstrated a non-linear trend with the increasing depth-of-cut for Inconel 718 (Fig. 7(c1) ). Other researchers also reported this phenomena [23] . Such a nonlinear trend was amplified for S a and S q (Fig. 8(c1) ). A change in the depth-of-cut did not affect the level of surface roughness significantly for Inconel 625 in CT (Fig. 7(c1, c2) ). The reason for this was that the tool wore faster when turning Inconel 718 than Inconel 625. As the depth-of-cut grew for Inconel 718 in CT (Fig. 7(c1) ), the increased cutting force and temperature destabilised the cutting process, and the resulted surface quality degraded. At higher magnitudes of the depth-of-cut -0.28 mm (still, far smaller than the nose radius), severe tool wear led to a decreased effective depth-of-cut, resulting in the decline of surface roughness.
However, for UAT, a larger depth-of-cut led to higher surface roughness for Inconel 718 (Fig. 7(c1) ). Thus, the reduction of R a for machining with ultrasonic assistance reduced from 47% at 0.12 mm to 41% at 0.2 mm and 25% at 0.28 mm. The respective reductions of R q were 47%, 40% and 27%. This was due to the reduction of the ultrasonic effect on tool wear with a higher depthof-cut. The surface roughness changed insignificantly in UAT with the increasing depth-of-cut for Inconel 625 (Fig. 7(c2) ).
In UAT, for a varying vibration amplitude, comparisons of R a and R q are shown in Fig. 7(d1, d2) , where the vibration amplitude at 0 μm represents the CT process. It is evident that the larger amplitude led to a greater reduction of surface roughness for both Inconel 718 and 625.
Additionally, 3D roughness parameters S a and S q were studied (Fig. 8) . The parameters represent, respectively, the average roughness and root mean square roughness evaluated over a representative area on the 3D surface. With the varying feed rate and vibration amplitude, S a and S q exhibited similar trends to those of R a and R q for the two alloys. The non-linear trends of the 3D roughness parameters were amplified when varying the cutting speed and depth-of-cut in CT. However, in UAT, the trends of S a and S q parameters almost the same as for R a and R q for two alloys.
Residual stress
To assess the structural integrity of machined parts, it is essential to characterise the level of residual stresses generated in the component. Here, residual stresses were measured using the XRD technique; the two sets of machining parameters (low and high values) were selected with a cutting speed of 20 m/min and 40 m/min, a feed rate of 0.08 m/min and 0.25 m/ min, a depth-of-cut of 0.12 mm and 0.28 mm to show more obvious trends. The uniaxial residual stress of each set was calculated with Eq. (2) and results are summarised in Fig. 9 .
Tensile residual stresses were generated in both CT and UAT of Inconel 718 and 625. In UAT, the magnitude of tensile residual stresses was less than that in the samples machined in CT. At cutting speed of 20 m/min, feed rate of 0.08 mm/rev and depth-of-cut of 0.12 mm, the tensile residual stress of + 769.7 MPa in Inconel 718 and + 717.2 MPa in Inconel 625 were measured for CT. The application of ultrasonic vibration (amplitude of 8.4 μm) resulted in lower tensile residual stresses of + 435.9 MPa and + 412.7 MPa, respectively. This clearly demonstrates the benefits for improving fatigue resistance of parts machined with UAT. The microchipping action of the cutting tool in UAT induced a compressive residual stress that helped to compensate some of the tensile residual stress generated by machining. Additionally, generation of spurious vibrations in the radial and feed directions with low amplitudes (1 μm) was unavoidable. Mechanical impacts in the radial direction inevitably led to generation of some compressive residual stress (akin to a shot-peening process). Consequently, a lower tensile residual stress was measured on surfaces machined in UAT.
A reduction of tensile residual stresses was obtained with an increase in the cutting speed in CT (Fig. 9(a1,  a2) ). It is known that thermal loads lead to tensile residual stresses, whereas mechanical loads results in compressive residual stress [24] . At higher cutting speed, less heat accumulation in shear zone induced lower tensile residual stresses for two alloys in CT. However, lower thermal conductivity of Inconel 625 resulted in more heat accumulation than in Inconel 718, resulting in higher tensile residual stresses at higher cutting speeds. In UAT, the effect of cutting speed on the increase in residual stress was much reduced in Inconel 625 (Fig. 9(a2) ) and almost negligible for Inconel 718 (Fig. 9(a1) ). It was caused by severe tool wear of Inconel 718, diminishing the reduction of residual stress.
A decline of surface residual stresses with the feed rate in both CT and UAT for two alloys is shown in Fig. 9(b1, b2) . A higher feed rate led to a higher cutting force (Fig. 3(b1, b2) ); thus, mechanical loading of the tool on the workpiece generated higher compressive residual stresses. The trends of residual stress with the feed rate and reduction of residual stresses in UAT were similar for the two alloys, consistent with the results for the cutting force in Fig. 3(b1, b2) . Figure 9 (c1) shows that no visible changes of residual stresses occurred with a varying depth-of-cut in both CT and UAT for Inconel 718, as observed in several studies for other materials [25, 26] . Tensile residual stresses were reduced in both CT and UAT for Inconel 625, which correlated to the (Fig. 3(c1, c2) ). Higher elongation of Inconel 625 generated larger springback of the surface material; thus, a stress release led to lower residual stresses.
Conclusions
A study of the effect of a hybrid machining technique with ultrasonic vibration assistance on machinability and structural integrity of Inconel 718 and 625 was performed with various machining parameters. In this study, noticeable improvements in machinability of two Inconel alloys were achieved using UAT. The possible reasons of reduction of cutting forces, improvements of surface roughness and decline of tensile stresses were assessed and explained. Our study revealed the effects of different materials, mechanical properties and wear behaviours on machinability of two alloys in CT and UAT. The main conclusions of the study are as follows:
1) An appropriate choice of machining parameters, with a cutting speed below the critical magnitude, low levels of feed rate and depth-of-cut along with a higher vibration amplitude can reduce the cutting force significantly in UAT for the studied Inconel alloys. 2) More rapid tool wear of Inconel 718 and higher elongation and lower tensile/shear strength of Inconel 625 led to different changes in cutting force at higher cutting parameters. 3) UAT improved surface topography considerably for various machining parameters for the two studied Inconel alloys. This improvement in UAT decreased with an increase in the feed rate and with the magnitude of the imposed ultrasonic vibration amplitude. 4) The higher elongation of Inconel 625 resulted in higher lateral flow of the machined workpiece material, resulting in larger spacings between grooves and higher heights of surface profile than those of Inconel 718. 5) A study of the machining-induced residual stress showed that in UAT more compressive stresses were generated, helping to reduce the net tensile stresses, which were otherwise generated in (conventional) machining.
